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Title of the Invention : 

A Method for the Formation of Wiring Materials 

Abstract : 
[Objects] 

In a method for the formation of wiring materials, the 
yield is improved. Time for completing the work is shortened. 
Working speed is made fast. 
[Constitution] 

A tungsten film (12) is formed by means of a selective 
CVD method using an organic silane having an electron-donating 



substituent (methyl group or phenyl group) and tungsten 

hexafluoride as a source gas. 

[Advantage] 

Since a reducing power of an organic sllane having methyl 
or phenyl group for tungsten is strong, generation of 
encroachment can be prevented and, at the same time, vapor 
deposition speed can be made fast . Since the bond between silicon 
and carbon in the organic silane having methyl or phenyl group 
is strong, incorporation of silicon into tungsten can be 
prevented. 

What is Claimed is : 

1. A method for the formation of wiring materials, 
characterized in that, the method comprises a step where, on 
an insulating film on the main surface of a semiconductor base 
plate comprising silicone, an opening which exposes the main 
surface of the said semiconductor base plate is formed and a 
step where a tungsten film is selectively formed in the said 
opening by means of a CVD method in which an organic silane having 
an electron- donating substituent and tungsten hexafluoride as 
a source gas . 

2. The method for the manufacture of wiring materials 
according to claim 1, wherein the organic silane is an alkyl 



or phenyl derivative of monosilane. 

3. The method for the manufacture of wiring materials 
according to claim 2, wherein the organic silane is 
monomethylsilane or dimethylsilane . 

Detailed Description of the Invention ; 
[Technical Field] 

The present invention relates to a technique for the 
formation of wiring and, more particularly, it relates to a 
technique which is effective when applied to a wiring formation 
technique using a selective CVD method. 
[Prior Art] 

In a semiconductor apparatus , a method is adopted where 
the inside of very small connecting hole formed on a interlayer 
insulating film is embedded by a selectively formed tungsten 
film by a CVD method. In that case, the said tungsten film is 
connected, for example, to the main surface of the semiconductor 
base plate which is a lower layer exposed in the connecting hole 
of the said interlayer insulating film. The said interlayer 
insulating film is constituted from a silicon oxide film . Wiring 
of the upper layer of the said interlayer is constituted from 
a tungsten film. The said semiconductor base plate is 
constituted from single-crystal silicon. According to such an 



art, it is possible to connect the wiring on the upper layer 
of the interlayer insulating film with the main surface of the 
semiconductor base plate of the lower layer via a connecting 
hole having a big ratio (aspect ratio) of depth to breadth. 

The said tungsten layer can be formed by means of a 
selective CVD methodusing tungsten hexaf luoride gas andhydrogen 
gas or monosilane gas as a source gas. 
[Problems to be Solve by the Invention] 

However, when the present inventor has investigated the 
above-mentioned prior art, he has found the following problems. 

Thus, in the formation of a tungsten film using the said 
tungsten hexaf luoride gas and hydrogen gas as source gas, an 
intrusion of tungsten into the semiconductor base plate is formed 
which is called "encroachment" because the reducing power of 
hydrogen for tungsten hexaf luoride is weaker than that of silicon . 
As a result, when a tungsten film is connected to a semiconductor 
region constituting a source or drain region of MOSFET, there 
is a problem that the area between the semiconductor regions 
constituting the source and the drain region is short-circuited 
by the encroachment and accordingly that the yield of the 
semiconductor apparatus lowers. There is another problem that 
the encroachment goes through the semiconductor region 
constituting the drain region or source of MOSFET and the area 



between the said tungsten film and the main part of the 
semiconductor base plate is short-circuited by the encroachment 
(resulting in a connection fracture) whereby the yield of the 
semiconductor apparatus lowers . There is still another problem 
that, since the reducing power of hydrogen for tungsten 
hexaf luoride is weaker than that of silicon , the vapor deposition 
speed of tungsten film is slower than the case where the 
above-mentioned tungsten hexaf luoride film and monosilane gas 
are used as source gas whereby the time for completing a process 
of the semiconductor apparatus becomes long. 

When a tungsten film is formed using the above-mentioned 
tungsten hexaf luoride gas and monosilane gas as source gas, no 
encroachment is formed since the reducing power of monosilane 
for tungsten hexaf luoride is stronger than that of silicon. 
Further, since the reducing power of monosilane for tungsten 
hexaf luoride gas is stronger than that of silicon, the vapor 
deposition speed is faster than the case where tungsten 
hexaf luoride gas and hydrogen gas are used as a source gas. 
However, since the bond between hydrogen and silicon in 
monosilane is weak and is apt to be cleaved, silicon is 
incorporated into the formed tungsten film and resistivity of 
the tungsten film increases. As a result, there is a problem 
that the working speed of the semiconductor apparatus lowers. 



There is another problem that, when silicon is incorporated into 
the tungsten film, shrinkage stress of the inner area of the 
tungsten film increases whereby the tungsten film is detached 
during the manufacturing process of the semiconductor apparatus 
and the yield becomes low. 

Under such circumstances, in order to prevent the 
above-mentioned encroachment by tungsten and the incorporation 
of silicon into the tungsten film, a method has been developed 
where a tungsten film is formed using tungsten hexaf luoride and 
d if luorosilane gas as a source gas. In that case, the reducing 
power of hydrogen for tungsten hexafluoride is stronger than 
that of dif luorosilane and, therefore, no encroachment is 
generated. In addition, the bond between silicon and fluorine 
is stronger than that between silicon and hydrogen and, therefore, 
no silicon is incorporated into a tungsten film. However, there 
is a problem that the speed for the formation of tungsten film 
is slower than the case where the above-mentioned tungsten 
hexafluoride gas and monosilane gas are used as a source gas. 

An object of the present invention is to provide a technique 
where an increase in the yield in a method for the formation 
of wiring materials is made possible. 

Another object of the present invention is to provide a 
technique where, in the above method for the formation of wiring 



materials, time for completing the process can be shortened. 

Further another object of the present invention is to 
provide a technique where, in the above method for the formation 
of wiring materials, an working speed can be made fast. 

The above-mentioned arid other objects and novel 
characteristics of the present invention will be apparent from 
the description of the present specification and the attached 
drawings . 

[Means for Solving the Problems] 

Among the inventions which are disclosed by the present 
application, the representative one will be summarized as 
follows. 

(1) The method comprises a step where, on an insulating 
film on the main surface of a semiconductor base plate comprising 
silicone, an opening which exposes the main surface of the said 
semiconductor base plate is formed and a step where a tungsten 
film is selectively formed in the said opening by means of a 
CVD method in which organic silane having an electron -donating 
substituent and tungsten hexafluoride as a source gas. 

2. The organic silane is an alkyl or phenyl derivative 
of monosllane . 

3. The organic silane is monomethylsilane or 
dimethylsilane . 



[Function] 

According to the above-mentioned means (1) to (3), the 
said electron-donating substituent (alkyl or phenyl group) 
increases the reducing power of the organic silane (monosilane) 
for tungsten hexaf luoride whereupon the reducing power of the 
organic silane for tungsten hexaf luoride becomes higher than 
that of silicon and hydrogen. Accordingly, during the step of 
forming a tungsten film, no encroachment is formed and, therefore , 
a decrease in the yield of the semiconductor apparatus due to 
the encroachment can be prevented. Thus, the yield of the 
semiconductor apparatus can be improved. 

In addition, the reducing power of the organic silane 
(monosilane) having the above electron-donating substituent 
(alkyl or phenyl group) for tungsten hexaf luoride is more than 
that of hydrogen and dif luorosilane and, therefore, a vapor 
deposition speed of the tungsten film can be made fast. As a 
result, processing time for completing the semiconductor 
apparatus can be made short. 

Further , the bond between silicon and carbon in the organic 
silane (monosilane) having the above-mentioned 
electron-donating substituent (alkyl or phenyl group) is 
stronger than that between silicon and hydrogen in the monosilane 
and, therefore, incorporation of silicon into the tungsten film 
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can be prevented. As a result, an increase in the resistance 
of the tungsten film can be prevented whereby the working speed 
of the semiconductor apparatus can be fast. Furthermore, since 
incorporation of silicon into the tungsten film can be prevented, 
detachment of the tungsten film during the manufacturing steps 
of the semiconductor apparatus can be prevented whereby the yield 
of the semiconductor apparatus can be improved. 
[Examples] 

Examples of the present invention will now be specifically 
illustrated as hereunder by referring to the drawings. 
Throughout the drawings for illustrating the examples, those 
having the same functions were assigned with the same symbol 
and the superfluous explanation therefor is omitted. 

First, the constitution of the semiconductor apparatus 
of the examples of the present invention will be illustrated 
by referring to Fig. 1 (a cross section of the main parts). 

As shown in Fig. 1 , the semiconductor apparatus is composed 
of a p-type semiconductor base plate (1). The p-type 
semiconductor base plate (1) is composed of single-crystal 
silicon for example. On the main surface of the p-type 
semiconductor base plate (1 n-channel ), MISFETQn is provided. 

The n-channel MISFETQn is provided on the main surface 
of the active region where its surrounding is regulated by an 



insulating film (2) for separating the elements of the main 
surface of the inactive region of the p-type semiconductor base 
plate (1) . The insulating film (2) for separating the elements 
is composed of a silicon oxide film for example. 

The n-channel MISFETQn is mainly composed of a gate 
insulating film provided on the main surface of the p-type 
semiconductor base plate (1) , a gate electrode (4) provided on 
the gate insulating film (3) and a pair of n+ type semiconductor 
region ( 7 ) constituting a source region and a drain region. The 
gate insulating film (3) is composed of a silicon oxide film 
for example. The gate electrode (4) is composed of a 
polycrystalline silicon film for example. An insulating film 
(6) is provided on the upper surface and the side wall of the 
above gate electrode (4) . This insulating film (6) is composed 
of a silicon oxide film for example. 

On the upper layer of the insulating film ( 6 ) , an interlayer 
insulating film (10) is provided. This interlayer insulating 
film (10) is composed of, for example, a layered film comprising 
a silicon oxide film having a thickness of about 100 nm and a 
BPSG (Boron Phospho Silicate Glass) film having a thickness of 
about 800 nm. 

In the above interlayer insulating film (10) , a connecting 
hole (11) exposing the main surface of a pair of n+ type 



semiconductor regions (7) is provided constituting each of the 
source region and the drain region. The diameter of the 
connecting hole (11) is, for example, about 0.7(«n. In the inner 
area of the connecting hole (11) is embedded by a tungsten film 
(12). The tungsten film (12) connects the wiring (13) of the 
first layer of the upper layer of the above interlayer insulating 
film (10) to the main surface of the above n+ type semiconductor 
region ( 7 ) . 

The wiring ( 13 ) of the first layer is composed of a tungsten 
film for example. 

On the wiring (13) of the first layer, an Interlayer 
insulating film (14) is provided. The interlayer insulating 
film (14) is. for example, composed of a layered film where each 
of silicon oxide film, SOG (Spin On Glass ) film and silicon oxide 
film is layered from the lower layer side. In this Interlayer 
insulating film (14), a connecting hole(15) is formed which 
exposes the surface of the wiring (13) of the first layer. Like 
in the case of the above connecting hole (11), the inner area 
of the connecting hole (15) is embedded by a tungsten film (16) . 
The tungsten film (16) connects the wiring (17) of the second 
layer of the upper layer of the interlayer insulating film (14) 
to the wiring (13) of the first layer. The wiring (17) of the 
second layer is composed of a layered film of titanium nitride 
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film, aluminum film and titanium tungsten film for example. On 
the upper layer of the wiring ( 17 ) of the second layer, a surface 
protecting film is provided which is not shown. 

Now, a method for the formation of the said semiconductor 
apparatus will be illustrated by referring to Fig. 2 and Fig. 
3 (cross sections of the main parts of the region shown by Fig. 
1 by means of a part of the manufacturing steps ) . 

First , the main surface of the inactive region of the p-type 
semiconductor base plate ( 1 ) is oxidized by a selective oxidation 
to form an insulating film ( 2 ) for separating the elements . This 
insulating film (2) for separating the elements is formed, for 
example, in a thickness of about 550 nm. 

Then, in a region where the n- channel MISFET2Qn is formed, 
the main surface of the active region is exposed where he 
surrounding is regulated by the insulating film (2) for 
separating the elements of the above p-type semiconductor base 
plate (1). After that, a gate insulating film (3) is formed 
on the main surface of the above -exposed p-type semiconductor 
base plate (1) by a thermal oxidation method. 

Then, a polycrystalllne silicon film is accumulated on 
the gate insulating film (3) and subjected to a patterning by 
means of a photolithographic technique and an etching technique 
to form a gate electrode ( 4 ) . 
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After that, in a region where the n-channel MISFETQn is 
formed, an n-type impurity such as arsenic is introduced into 
the main surface of the above p-type semiconductor base plate 
( 1 ) by means of an ion implantation mainly using the gate electrode 
(4) as a mask. Then, a heating thermal at the temperature of 
about 900°C for about 10 minutes is carried out to activate the 
above- introduced n-type impurity whereupon a pair of n+ type 
semiconductor regions ( 7 ) is formed . As a result of the formation 
of this n+ type semiconductor regions ( 7 ) , the n-channel MISFETQn 
is completed. 

After that, an insulating film (6) is formed on each of 
the upper surface and the side of the above gate electrode ( 4 ) . 

Then, an silicon oxide film is accumulated in a thickness 
of about 100 nm under the condition of, for example, a high 
temperature and a low pressure. After that, a BPSG film is 
formed in a thickness of, for example, about 800 nm on the upper 
layer of the silicon oxide layer. This BPSG film is formed by 
a CVD method using, for example, each of diborane, phosphine, 
monosilane and oxygen as a source gas. After accumulation of 
the film, the BPSG film is subjected to a reflow treatment by 

a thermal treatment at a temperature of about 900°C for about 
10 minutes. 

Then, as shown in Fig. 2, a connecting hole (11) exposing 



the main surface of the above pair of n+ type semiconductor regions 
( 7 ) is formed on the above interlayer insulating film (10) using , 
for example, a photolithographic technique and an etching 
technique. This connecting hole (11) is formed in, for example, 
having a diameter of about 0.7 \un. 

After that, as shown in Fig. 3, a tungsten film (12) is 
formed on the main surface of the n+ type semiconductor region 
(7) exposed in the above connecting hole (11). This tungsten 
film (12) is formed by a vacuum CVD method using tungsten 
hexaf luoride gas and monomethylsilane gas as a source gas. The 
tungsten film (12) is formed, for example, in a thickness of 
about 800 nm. The condition for the formation of this tungsten 
film (12) is that, for example, nitrogen is used as a carrier 
gas, partial pressure of tungsten hexaf luoride is at about 5.33 
Pa, partial pressure of monomethylsilane gas is at about 5.33 
Pa and the total pressure is made about 46 . 66 Pa. The temperature 
of the base plate is at 250°C for example. 

When a tungsten film ( 12 ) is formed under such a condition, 
a methyl group which is an electron- donating substituent in 
monomethylsilane increases the reducing power of the organic 
silane (monosilane) for tungsten hexaf luoride and, therefore, 
the reducing power of monomethylsilane for tungsten hexaf luoride 
is stronger than that of silicon and hydrogen. Accordingly, 
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no encroachment is formed during a step of forming a tungsten 
film (12) whereby a decrease in the yield of the semiconductor 
apparatus by the encroachment can be prevented . In other words , 
yield of the semiconductor apparatus can be improved. 

In addition, the reducing power of monomethylsilane for 
tungsten hexafluoride is stronger than that of hydrogen and 
dif luorosilane and, therefore, a vapor deposition speed of the 
tungsten film can be made fast. For example, when a tungsten 
film (12) is formed under the above-mentioned condition, the 
vapor deposition speed is about 100 nm/minute and is faster than 
the case where tungsten hexafluoride and hydrogen or tungsten 
hexafluoride and dif luorosilane are used as a source gas whereby 
the processing time for completing the semiconductor apparatus 
can be shortened. Moreover, a tungsten film (12) can be formed 
in the connecting hole (11) with a high slectivity. 

Further, the bond between silicon and carbon in 
monomethylsilane is stronger than that between silicon and 
hydrogen in monosilane and, therefore, incorporation of silicon 
into a tungsten film (12) can be prevented. For example, even 
when a tungsten film (12) is formed under the above-mentioned 
condition changing the base plate temperature within a range 
of 180°C and 350°C, resistance of the tungsten film (12) is about 
10 jiQ.cm independently of the base plate temperature. Thus, 
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since the resistance of a tungsten film (12) can be reduced, 
working speed of the semiconductor apparatus can be made fast. 

Further, since the incorporation of silicon into the 
tungsten film (12) can be prevented, detachment of the tungsten 
film (12) during the manufacturing steps for the semiconductor 
apparatus can be prevented whereupon the yield of the 
semiconductor apparatus can be improved. 

Then, after the tungsten film is accumulated on the upper 
layer of the above interlayer insulating film ( 10) , a patterning 
is carried out by a photolithographic technique and an etching 
technique to form a wiring (13) the first layer. After that, 
an interlayer insulating film ( 14 ) is formed on the upper layer 
of the wiring (13) of the first layer. This interlayer insulating 
film (14) is formed by a layered film where each of a silicon 
oxide layer, an SOG film and a silicon oxide layer is layered 
from the lower layer. The silicon oxide films of the upper layer 
and the lower layer of this interlayer insulating film (14) are 
accumulated, for example, by a plasma CVD method. The said SOG 
film is formed by means of a coating method. 

Then a connecting hole (15) is formed on the interlayer 
insulating layer (14) for exposing the surface of the wiring 
(13) of the first layer. After that, like in the case of the 
above tungsten layer (12), a tungsten film (16) is formed by 
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a vacuum CVD method and the inner area of the connecting hole 
( 15 ) is embedded by the tungsten film ( 16 ) . When the connecting 
hole (15) exposing the surface of the wiring (13) of the first 
layer consisting of the tungsten film is made into an interlayer 
film (14) and the inner area of the connecting hole (15) is embedded 
by the tungsten film (16), there is a possibility, in the case 
of monosilane. that a decomposition takes place on the surface 
of tungsten constituting the wiring (13) of the first layer. 
According to the constitution of the present example however, 
decomposition of the organic silane gas can be prevented whereby 
a tungsten film (16) can be formed in the above connecting hole 
(15) with a good selectivity. Moreover, in that case, the same 
effect can be achieved even when the wiring (13) of the first 
layer is constituted from titanium nitride, tungsten silicide, 
molybdenum silicide, etc. 

Then, after a layered film of titanium nitride film, 
aluminum film and titanium tungsten film are formed on the above 
Interlayer insulating film (14) , the layered film is subjected 
to a patterning by a photolithographic technique and an etching 
technique to form a wiring (17) of the second layer. After that , 
a surface protecting film (not shown) is formed on the wiring 
(17) on the second layer whereupon the semiconductor apparatus 
of the present example as shown in Fig. 1 is completed. 



As illustrated hereinabove, the present example comprises 
a step where a connecting hole (11) is formed for exposing the 
main surface of the above n+ type semiconductor region (7) to 
the interlayer insulating film (10) on the main surface of the 
n+ type semiconductor region (7) and a step where, in this 
connecting hole (11), a tungsten film ( 12 ) is selectively formed 
by a vacuum CVD method using tungsten hexafluoride and 
monomethylsilane gas which is an organic silane having an 
electron-donating substituent as a source gas. According to 
such a constitution, a methyl group which is the above-mentioned 
electron- donating substituent increases the reducing power of 
monosilane which is an organic silane for tungsten hexafluoride 
and, therefore, the reducing power of monomethylsilane for 
tungsten hexafluoride becomes larger than that of silicon and 
hydrogen . Accordingly , no encroachment is formed in the process 
of forming a tungsten film (12) whereby a decrease in the yield 
of semiconductor apparatus due to the encroachment can be 
prevented. Thus, yield of the semiconductor apparatus can be 
improved . 

Further, since the reducing power of the said 
monomethylsilane having a methyl group for tungsten hexafluoride 
is more than that of hydrogen and dif luorosilane, a vapor 
deposition speed of tungsten film (12) can be made fast. As 
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a result, a processing time for completing the semiconductor 
apparatus can be shortened. 

In addition, since the bond between silicon and carbon 
in the monomethylsilane having a methyl group is stronger than 
that between silicon and hydrogen in monosilane, incorporation 
of silicon into the tungsten film (12) can be prevented. As 
a result, an increase in resistance of the tungsten film (12) 
can be prevented whereby the working speed of the semiconductor 
apparatus can be made fast. Further, since incorporation of 
silicon into the tungsten film (12) can be prevented, detachment 
of the tungsten film (12) during the manufacture of the 
semiconductor apparatus can be prevented. As a result, yield 
of the semiconductor apparatus can be improved. 

As hereinabove, the present invention is illustrated by 
means of the examples although it goes without saying that the 
present invention is not limited to the above-mentioned examples 
but is able to be modified in various manners. 

For example, in the above example, the case where 
monomethylsilane having a methyl group as an electron- donating 
substituent is shown but the present invention is also able to 
use dimethylsilane gas as a source gas. It is also possible 
to use an organic silane gas having other alkyl groups or a phenyl 
groups in place of a methyl group as a source gas . Incidentally, 
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when the carbon chain of the alkyl group or the carbon chain 
of the functional group for the phenyl group is long, the 
reactivity lowers and, therefore, it is better to use an organic 
silane derivative in which the carbon chain of the alkyl group 
or the phenyl group is short. 

Alternatively, when a tungsten film is formed on the whole 
surface of the base plate, for example, by means of a spattering 
method and then a tungsten film is formed in the same manner 
as in the above example, it is possible to form a tungsten film 
on the whole surface of the base plate, 
[Advantage of the Invention] 

The advantage achieved by the representative embodiment 
of the present invention disclosed in this application will be 
briefly illustrated as follows. 

In a method of forming the wiring materials, the yield 
can be improved. 

In a method for the formation of the above wiring materials , 
time for completing the work can be shortened. 

In a method for the formation of the above wiring materials , 
the working speed can be made fast. 

Brief Description of the Drawings : 

Fig. 1 is a cross section of important parts of the 
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semiconductor apparatus of the example of the present invention. 

Fig. 2 is a cross section of important parts of the region 
as shown in the above Fig. 1 by way of a part of the manufacturing 
steps . 

Fig. 3 is a cross section of important parts of the region 
as shown in the above Fig. 1 by way of a part of the manufacturing 
steps. 

[Explanation of the Symbols] 

1 p-type semiconductor base plate 

2 insulating film for separating the elements 

3 gate insulating film 

4 gate electrode 

7 n+ type semiconductor region 

10, 14 interlayer insulating films 

11, 15 connecting holes 
12* 16 tungsten films 

13 wiring of the first layer 
17 wiring of the second layer 



